Abstract : Considering the increasing incidence of snowboarding-related wrist trauma, clari cation of the morphology of such injuries and the development of preventive approaches are necessary. We compared the injury morphology of skiingrelated and snowboarding-related wrist trauma, and conducted a related literature review. Participants included 10,561 individuals who consulted the Ishiuchi Ski Clinic for skiing-related and snowboarding-related injuries between December 1996 and March 2014. As well as reviewing medical records and questionnaire surveys, we also analyzed videotaped skiing and snowboarding events to examine the statistics and injury morphology of wrist trauma. Over the study period, there were 3,703 patients with skiing-related trauma, including 89 2.4 with wrist trauma, and 6,858 patients with snowboarding-related trauma, including 1,123 16.4 with wrist trauma. These 1,123 patients included 925 13.5 with fractures and 148 2.2 with sprains. The most common skiing-related injuries were knee sprains, including medial collateral and anterior cruciate ligament injuries 23.3 . However, the most common snowboarding-related injuries were wrist fractures, including distal radius fractures 13.5 . Trauma was most commonly caused by falling during ski runs or snowboarding jumps. Videos of snowboarders postures during landing revealed that wrist fractures often occurred when their palms impacted the ground in front of the board. The increased wrist trauma associated with snowboarding compared to skiing could be attributed to the following reasons :
Introduction
Japan won a host of medals at the 2016 Rio Olympic Games, and the nation is now eagerly awaiting the 2018 Winter Olympics in Pyeongchang, South Korea. However, along with raised anticipation, these sporting competitions also increase the incidence of sports-related injuries. The To whom corresponding should be addressed.
popularization of skiing and snowboarding competitions has been accompanied by endless reports of trauma. In general, sports are associated with a certain level of risk. However, winter sports are considered to have an intrinsically higher level of risk. In December 1956, the Ishiuchi Ski Clinic began its operations at the Ishiuchi Maruyama Ski Resort in Minami Uonuma City, Niigata Prefecture, and started examining skiing-related trauma at locations where these injuries took place. Snowboarding started gaining popularity in Japan back in 1995. The number of individuals involved in this sport has rapidly increased since then. As its popularity rises, snowboardingrelated injuries have also become more frequent. Thus far, 15 snowboarding-related fatalities have been reported in Japan. Around 1996, the Ishiuchi Ski Resort started accommodating snowboarding on all its runs, which led to the occurrence of snowboarding-related injuries. From this time, the clinic started examining both snowboarding-and skiing-related trauma. We analyzed the statistics of skiing-related and snowboarding-related injuries during an 18-year period, and observed that wrist trauma was more likely during snowboarding than during skiing. This nding necessitates elucidation of the morphology of such injuries and methods for their prevention. Thus, in this study, we compared the morphology of skiing-related and snowboardingrelated wrist injury, and conducted a review of the relevant medical literature.
Materials and methods
A total of 10,561 individuals were examined at the Ishiuchi Ski Clinic, Department of Orthopedic Surgery, Showa University School of Medicine, for skiing-related and snowboarding-related injuries between December 1996 and March 2014 18 winter seasons . We reviewed their medical records and questionnaire survey ndings, and videotaped skiing and snowboarding events to evaluate 1 injury statistics and 2 injury morphology of skiing-related and snowboardingrelated wrist trauma. We classi ed incidents on the basis of injury morphology as either those from falls during skiing /snowboarding or those from falls when landing jumps. We observed falls during skiing/snowboarding on a clear day for a 1-hr period from 2 p.m. to 3 p.m., which is the peak time for injuries as per data from the National Ski Safety Council, on a steep and moderate slope at the ski resort entrance, which was close to the clinic. This made it possible to observe the injury morphology during falls at an average competitive level from beginner to advanced skiers and snowboarders. The falls were recorded, with video recordings being used where possible. When a video camera was installed at a jump spot, recordings were taken from the moment of the jump to the moment of landing. In the video recordings, the trajectory that formed the parabola from the moment of the jump until landing was converted into still-image frame-by-frame playback and a still image of the landing posture, which was the nal point of the parabola, was recorded. Still images in particular were organized into typical groups according to the landing posture, and the in uence of the landing posture on the wrist was analyzed.
The questionnaire survey included detailed questions on the cause and site of injury, as well as questions on the equipment used, such as the type of board, boots, and protective gear.
Results

Injury statistics
While investigating the number of skiing-related and snowboarding-related injuries per year during the 18-year study period, we observed a decline in the number of skiers and in the number of guests at the ski resort since 1996. The overall number of guests with skiing-related and snowboarding-related injuries also decreased over this period. The proportion of snowboardingrelated injuries compared with skiing-related injuries was 47.0 in 1996 452 snowboarders vs. 509 skiers , 55.6 in 1997 390 snowboarders vs. 311 skiers , 62.3 in 1998 475 snowboarders vs. 288 skiers , and 68. 6 in 2014 405 snowboarders vs. 185 skiers , indicating an increasing trend in the incidence of snowboarding-related injuries. Among the total guests at the ski resort, the overall rate of skiing-related and snowboarding-related injuries was 0.176 in 2008, and exhibited an increase to 0.2 after 2010. Approximately two in every 1,000 guests at the resort consulted our clinic as trauma patients Fig. 1 .
During the 18-year study period, there were 3,703 patients with skiing-related trauma. A total of 2,127 cases 57. 4 of lower limb trauma were recorded, which accounted for more than half of all injuries. There were 865 patients 23. 4 with upper limb trauma, 382 10.3 with head and face trauma, and 329 8.9
with trunk trauma Table 1 . Of the patients with upper limb trauma, 89 2.4 had wrist injuries, including 63 1.7 with bone fractures, and 17 0.5 with sprains. During the same 18-year study period, 6,858 individuals sustained snowboarding-related injuries. Upper limb trauma accounted for a total of 3,625 cases 52.9 , which was more than half of all the snowboarding-related injuries. There were 1,428 patients 20. 8 with lower limb trauma, Fig. 1 . The yearly incidence of skiing-related and snowboardingrelated injuries over an 18-year period Compared with skiing-related trauma, the incidence of snowboardingrelated trauma tended to increase each year. with sprains. Investigation into the frequency of the various types of trauma indicated that for skiing, knee sprains medial collateral ligament and anterior cruciate ligament injuries were the most common injuries 23.3 , followed by lacerations and contusions of the head and face 8.4 , lower limb fractures 7.2 , ankle sprains 4.7 , and shoulder dislocations 3.9 . For snowboarding, however, wrist fractures distal radius fractures were the most common injuries 13.5 , followed by lacerations and contusions of the head and face 8.7 , shoulder dislocations 7.5 , fractures of the clavicle 5.0 , and ankle sprains 4.8 ; Table 3 .
Injury morphology
The most common cause of injury in skiers was falling during ski runs. Injury-inducing falls occurred on steep, moderate, and at slopes in 74.3 , 24.3 , and 2.0 of cases, respectively, indicating that trauma was most commonly sustained on steep slopes. By contrast, in snowboarding, the slope of the run at the time of injury was steep in 26. 8 of cases, moderate in 61. 5 of cases, and at in 11.7 of cases, indicating that many injuries occurred on runs with moderate slopes. However, we found that injuries were more likely to occur at jump spots than by falling during runs.
Although it was dif cult to identify the posture of skiers at the time of a fall during a ski run, we were able to install a video camera at jump spots on snowboarding courses and thus observe the posture of snowboarders when they landed hereafter referred to as the landing posture .
Typical landing postures resulting in trauma were classified as follows : despite landing with the board on the landing zone, the snowboarder falls with an ante exion of their trunk in an attempt to avoid falling ; the snowboarder directly lands on his / her lumbar spine, causing a powerful impact ; and the snowboarder s palms impact the ground in front of the board, resulting in trauma by both direct and indirect forces to the upper extremities. Wrist trauma was commonly observed in snowboarders with landing posture Fig. 2 .
Discussion
We compared the records from our 18-year study period with records taken over four decades 1957-1997 and found consistent results in skiing-related injuries. Lower limb trauma, including knee sprains, constituted the majority of injuries, whereas upper limb trauma, including wrist fractures, was less common. Of the total of 61,378 individuals with skiing-related injuries from 1957-1997, there were 43,263 patients 70. 5 with lower limb trauma, 8,587 patients 14.0 with upper limb trauma, 7,121 patients 11.6 with head and face trauma, and 2,407 patients 3.9 with trunk trauma. Furthermore, skiing-related injuries appear to be closely associated with changes in skiing equipment -the hard, deep plastic ski boots that are currently in use hold and protect the ankles securely, thereby decreasing the frequency of ankle trauma. However, there has been an increase in the frequency of knee sprains and lower limb fractures, such as boot top fractures , which occur when the top of the ski boot is used as the point of weightbearing during anterior falls.
Since the invention of the snowboard by Sherman Poppen in 1965, new materials have been Although it is dif cult to ascertain the total number of skiers and snowboarders on any given course, the risk and incidence of wrist trauma are higher for snowboarders than for skiers Table 4 . Snowboarding is associated with more falls than skiing because of the following reasons : ski poles are not used, unique positions are used during runs sideways stance with both feet xed on the board parallel to each other , and reverse edge falls occur on moderate slopes. Snowboarding-related wrist trauma is often sustained when the hands hit the ground during a fall and pressure is applied to the wrists in dorsiflexion, thereby causing ligament injury and fractures. Snowboard bindings are not detached during falls, and because ski poles are not used, the shock of the fall is absorbed entirely by the arms. Furthermore, because the participants wear boots that are xed on the snowboard in a parallel stance and snowboards are shorter than skis, any effect from a rotational force on the ankles and knees during a fall is unlikely, making lower limb trauma rare. However, the injury morphology underlying skiingrelated and snowboarding-related trauma differs, i.e., falls during runs vs. falls when landing a jump. Moreover, even if the head, face, or palms directly hit the snow when falling, fewer injuries are caused to these regions by the edge of the snowboard than those caused by skis that have come off during a fall. As snowboard bindings are designed not to come free when falling, Based on the total number of injuries, the incidence of wrist trauma while skiing is 7.90 that of snowboarding there is no rebound of the board into the snowboarder s body. In contrast, skis use safety bindings to prevent leg sprains and forced external bending, which frequently leads to lacerations and contusions to the head, face, and palms as the skis become detached. More than 60 of snowboarding-related injuries occurred on moderate slopes. Many injuries involve novice snowboarders who have a tendency to fall, and a cause of falls on moderate slopes appears to be reverse edge falls Fig. 3  9 10 . Reverse edge falls, in particular, occur suddenly and without warning. Snowboarders are therefore liable to fall hands rst hands hit the surface of the snow before the trunk , which is a common cause of wrist trauma.
Upper limb trauma is more common in snowboarding than skiing because of the following reasons :
the unique position used during runs without ski poles sideways stance ; the bindings do not come free when falling ; common reverse edge falls on moderate slopes ; and the palms directly hit the snow s surface when falling after landing a jump causing wrist dorsi exion.
Wrist trauma can be prevented by using protective gear and developing a better balance to help prevent falls. Wrist protectors may prevent trauma by rmly wrapping the wrists. Given the changes in ski equipment and the associated shift in the incidence of ski trauma from the ankles to the knees, the use of wrist protectors may shift snowboarding-related trauma from the wrists to the elbows. In our previous survey of 453 patients with snowboarding-related trauma, all 11 patients wearing wrist protectors avoided wrist trauma. Nonetheless, three of these 11 patients 27.3 sustained elbow dislocation or sprains 11 . While improving wrist protectors is a task for future research, most of the patients with snowboarding-related injuries treated at our hospital did not wear wrist protectors. This suggests that not wearing wrist protectors is associated with a high rate of wrist trauma. Educating snowboarders on the importance of wearing wrist protectors is likely to decrease the number of related wrist injuries and is a key to decreasing the overall number of snowboarding-related injuries. Fig. 3 . Reverse edge fall due to snowboarding As shown in the figure, snowboarders slide by placing their center of gravity over the edge of their board facing the hill while the edge of their board facing the gully floats in the air. However, unlike on steep slopes, on gentle slopes, the edge of the board facing the gully tends to be caught in the snow surface, causing the rider to fall toward the gully. Falls from a reverse edge tend to occur particularly suddenly and unexpectedly.
